® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number 



0 432 358 A1 



0 



EUROPEAN PATENT APPLICATION 



© Application number: 90114763.7 
© Date of filing: 01.08.90 



© int. Ci. 5 B01D 67/00, /7B01D69/00 



© Priority: 13.12.89 LIS 450691 
13.12.89 US 450705 
13.12.89 US 450706 

@ Date of publication of application: 
19.06.91 Bulletin 91/25 

© Designated Contracting States: 
BE DE DK ES FR GB IT NL 



00 

in 

CO 

CM 
CO 



© Applicant: FILMTEC CORPORATION 
7200 Ohms lane 

Minneapolis Minnesota 55435(US) 

© Inventor: Cadotte, John E. 
5637 Scenic Drive 
Minnetonka, MN 55345(US) 
Inventor: Racchini, Joel Raphael 
8616 Windward Circle 
Eden Prairie, Minnesota 55344(US) 
Inventor: Petersen, Robert J. 
5936 Emerson Avenue S. 
Minneapolis, MN 55419(US) 



© Representative: Casalonga, Axel et al 
BUREAU D.A. CASALONGA - JOSSE 
Morassistrasse 8 
W-8000 Munchen 5(DE) 



© Treated composite polyamide membranes to separate concentrated solute. 

© A reverse osmosis membrane having improved rejection of sulfuric acid and or tsopropanol is described. 
The membrane is prepared by treating a crosslinked. potyam.de discriminating layer with a reagent that is 
amine-reactive or oxidizing such that the passage of sulfuric acid in a 2 percent aqueous solution at a 
transmembrane pressure of 400 psig (2758 KPa gauge) is reduced by at least 30 percent. The amine reactive 
reagent is a carboxylic acid ester, a carboxyiic acid anhydride, an amine-reactive organic halogen compound, an 
ethylenicaiiy unsaturated hydrocarbon, or a 1.3-propane sultone The oxidizing reagent is a peroxycarboxylic 
acid with a mw of less than 300, periodic acid, N-bromoamine or N-chloramine. A method of making the 
membrane and its use in separating a variety of solutes from water are also described. 
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TREATED COMPOSITE POLY AMIDE MEMBRANES TO SEPARATE CONCENTRATED SOLUTE 

This invention relates to treatment of composite poiyamide membranes to enhance rejection of certain 
acids, bases, and organic materials and the use of such treated membranes in a reverse osmosis process. 

Removal of materials dissolved or dispersed in a solution by separation of these materials from the 
dispersing medium or solvent utilizing reverse osmosis membranes is well known. The membranes used for 
reverse osmosis are selectively permeable to certain components of the mixture to be separated. Generally, 
water is the component to which such membranes are especially permeable. An aqueous feed solution is 
conveniently brought in contact with one surface of the reverse osmosis membrane under pressure so as to 
effect selective permeation of water through the membrane. This process is most generally used for 
desalination of water-containing salts. However, reverse osmosis has also been used to separate organic 
compounds and other materials from aqueous feed solutions. 

The performance of reverse osmosis membranes has a critical effect on the efficiency and efficacy of 
reverse osmosis processes. Advantageously, the reverse osmosis membrane should be relatively imperme- 
able to materials which are to be separated from the water and highly permeable to water. It has been 
found that membranes having a porous support which provides physical strength but imparls little or no 
rejection, combined with a thin discriminating layer adherent to the support, are particularly useful. Such 
membranes are commonly referred to as thin film composite membranes. 

Poiyamide membranes have been widely employed in reverse osmosis processes. U.S. Patent 
4,277,344 describes a variety of membranes having a poiyamide discriminating layer on a porous support. 
These membranes are preferably prepared by interfacia! polymerization of a difunctionai aromatic amine 
such as meta-phenylene diamine and a trifunctional aromatic acyl halide, such as trimesoyl chloride, 
optionally containing difunctionai acyl halide. A 1 ,3,5-cyclohexane tricarbonyl chloride can also be employed 
as the acyl halide reactant. Such membranes are further illustrated in U.S. Patents 4,520,044 and 4,606,943. 
European Patent Application Publication EP 0 211 633 also describes composite poiyamide membranes. 

The treatment of membranes to enhance performance is described in the prior art in a number of 
patents. U.S. Patent 3,551,331 describes a process for modifying the permeability of a substantially linear 
aliphatic poiyamide membrane. In this process, the poiyamide membrane is treated with a protonic acid, 
lyotropic salt or a Lewis acid. 

U.S. Patent 3,877,978 describes use of copolymers of vinyl acetate with various ethylenically unsatu- 
rated carboxylic acids to enhance the rejection of certain semi-permeable membranes. 

U.S. Patent 3,886,066 discloses the use of hydrolyzable tannins to reduce the salt passage through 
semi-permeable membranes. 

U.S. Patent 4,214,020 describes a process for coating exteriors of hollow fiber membranes to enhance 
their membrane characteristics. 

U.S. Patent 4,634,531 describes the use of sequential treatment with a water-soluble amine and a 
water-soluble aldehyde to improve selective permeation. 

U.S. Patent 4,704,324 teaches preparation of membranes by reaction of a nucleophilic first compound 
with a second compound bearing reactive onium groups. 

U.S. Patent 4,812,238 describes the treatment of composite poiyamide membranes with nitrous acid or 
a diazonium compound. The nitrous acid is disclosed to react with pendant amine groups. 

U.S. Patent 4,828,700 discloses that reverse osmosis membranes can be treated with polymers bearing 
carboxylic acid groups and optionally pendant hydroxyl or amide moieties to enhance salt rejection. 

U.S. Patent 3,904,519 describes treatment of linear aromatic polyamides with certain crosslinking 
reagents to improve flux or flux stability of the resulting membranes. Crosslinking reagents employed 
include aldehydes, polyamines, polycarboxylic acids, polyisocyanates, oxidizing agents, peroxides and 
other compounds. 

U.S. Patent 3,951,815 describes a composite serni-permeabie membrane formed of an uttrathin film of 
polyethylenimine on a support, where said film has been crosslinked with difunctionai or trifunctional acyl 
halides, chloroform ates, isocyanates and sulfonyl chlorides. 

Existing commercial composite poiyamide membranes display a good combination of high water flux, 
good salt rejection and acceptable chemical stability. Membranes which are more tolerant of acidic or basic 
conditions and which demonstrate a higher rejection for organic materials while maintaining high water flux 
are still sought. 

The invention is, in one embodiment, a treated composite, crosslinked poiyamide reverse osmosis 
membrane, prepared by a process comprising contacting a composite membrane having a crosslinked 
poiyamide discriminating layer with a solution of an effective amount of reagent that is amine-reactive or a 
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compatible oxidant, whereby passage through the membrane of a selected solute in an aqueous solution of 
a given concentration at 25* C and equivalent operating pressure is reduced by at least 30 percent, more 
preferably 50 percent, relative to the membrane prior to treatment and the water flux of said membrane is 
reduced by not more than 50 percent, preferably not more than 40 percent, after treatment. Selected 

5 solutes include sulfuric acid, sodium hydroxide, isopropanol or sodium nitrate. 

It has been found that this process employing treated membranes results in a higher rejection than the 
membrane prior to treatment with minimum loss of flux in separation of purified water from aqueous 
streams containing the selected solute. 

Another aspect of the invention is an improved process for separating water from an aqueous solution 

70 containing at least one selected solute, for which the solute passage through a membrane is at least twice 
that of sodium chloride at like conditions. By "like conditions" is meant equivalent transmembrane pressure, 
solute concentration and temperature. This process comprises (a) contacting a first side of a treated 
composite crossiinked polyamide membrane described above with an aqueous feed solution containing said 
selected solute, at conditions where a chemical potential exists between the first side and a second side of 

75 the membrane, whereby water having a reduced concentration of the selected solute diffuses through the 
membrane from the first to second side; and (b) collecting the purified water. 

Composite reverse osmosis membranes having crossiinked polyamide discriminating layers are ad- 
vantageously derived from reactants, comprising: (a) a compound or polymer bearing at least two primary 
amine groups and (b) a compound or polymer bearing an average of more than two carboxyiic acyl halide 

20 groups. The amine and acid haiide reactants may be aliphatic, cycloaliphatic or aromatic. Aromatic amines, 
compounds wherein one or more amine groups are bonded to a carbon atom in an aromatic ring, are 
especially preferred. The amine compound may contain one or two fused or separate aromatic rings m 
preferred embodiments. 

The carboxyiic acid halide reactant employed to prepare the polyamide discriminating layer desirably 

25 includes an aromatic acyl halide bearing at least three acyl halide groups. The carboxyiic acid halide 
reactant may comprise some compounds or polymers which are difunctional. Preferably, at least 50 mole 
percent of the carboxyiic acid halide reactant is trifunctional or more highly functionalized. The compound 
bearing the two acyl halide groups optionally bears other substituents that do not interfere with the reaction 
forming the membrane. Preferably, the carboxyiic acid halide is tnmesoyt halide. Advantageously, the 

30 carboxyiic acid halide reactant is trimesoyl halide or cyclohexane-1 .3.5-tricarbonyl haiide or mixtures of 
these trifunctional halides. Optionally, isophthaloyl halide and/or terephthaloyl halide may be employed with 
one or both of the trifunctional halides. The halide is preferably chloride, but may be bromide. 

The aromatic amine compound optionally may bear other substituents which do not interfere with the 
membrane formation reaction. For example, a compound bearing two primary amine groups and one group 

35 which has a carbonyl function not adjacent to the amine group, as described in U.S. Patent 4.761.234, may 
be employed but is not preferred. The preferred amine reactant employed to form the membrane is 
phenylene diamine, more preferably meta-phenylene diamine. 

The composite crossiinked polyamide membrane can be prepared by techniques known in the prior art. 
Conveniently, interfacial polymerization of an aqueous amine applied to a microporous substrate with an 

40 acyl halide in an organic solution such as described in U.S. Patent 4.277.344. can be employed. Preferred 
as an organic solvent is an aliphatic hydrocarbon, such as hexane. or a chlorofluoroca'bon. such as 1.1.2- 
trichlorotrifluoroethane. Other similar techniques for preparing such membranes are described in U.S. 
Patents 4,606,943; 4,520,044; 4,761 .234; 4,772,394, and 4.828,700. 

The microporous substrate on which these composite membranes are formed can be any substrate 

45 conveniently employed for this purpose. Suitable substrates for composite membranes have been exten- 
sively described in the prior art. Illustrative support materials include organic polymeric material such as 
polysulfone, polyether sulfone, chlorinated polyvinylchloride, styrene acrylonitrile copolymer, polybutylene 
terephthalate, cellulose esters and other polymers which can be prepared with a high degree of porosity 
and controlled pore size distribution. Porous inorganic material may also be operable as supports. 

50 Preferably, the surface pores in the support material will have a diameter 2000 A or less, and the support 
material will have as high a porosity as is possible, while maintaining the desired pore size, integrity, and 
strength. Especially preferred as support layers are porous polysulfone films. These films are generally cast 
on non-woven fabric or woven cloth in the manner described in U.S. Patent 4.277,344. Surface active 
agents may be employed in the aqueous amine solution to enhance wetting of a hydrophobic substrate. 

55 Especially preferred as membranes to be treated by the method described herein are the membranes 

disclosed in U.S. Patent 4,277,344 In preferred embodiments, these membranes are prepared by interfacial 
polymerization of meta-phenylene diamine and trimesoyl chloride Such membranes are sold oy FilmTec 
Corporation under the designation FT30 membranes. 
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In one embodiment of the invention, the membrane may be derived from amine reactants or acyl halide 
reactants which are polymeric- For example, a polymer made by reaction of a difunctional aromatic amine 
with trimellitic anhydride acid halide optionally mixed with trimesoyl halide, as described in U.S. Patent 
4,606,943, is operable as the amine reactant, but is not preferred. 

The polyamide of the membrane discriminating layer is crosslinked. These polyamides preferably have 
a crosslink density of at least 10 crosslinks, more preferably at least 50 crosslinks, per 100,000 molecular 
weight. The crosslink density can be determined by standard end-group analysis techniques and may be 
estimated by the insolubility or swelling of the resulting polyamide in solvents in which linear polyamides 
are soluble. 

The rejection by the polyamide reverse osmosis membrane of specific solutes and the water flux of the 
membrane prior to treatment can operably vary over a wide range. The flux and rejection of specific solutes 
is determined with reference to test conditions using a specific concentration of solutes ai a specific 
pressure and temperature. Preferably, the membrane to be treated will have a sodium chloride rejection of 
at least 90 percent, more preferably 95 percent, and a water flux of at least 12 gallons per square foot per 
day [gfd] (488 L/m 2, day), more preferably at least about 15 gfd (610 L/m 2# day), when tested using an 
aqueous 0.2 weight percent sodium chloride solution at a transmembrane pressure of 200 lbs. sq. inch [psi] 
(1380 kPa) at 25 °C. Membranes having a much higher flux and lower salt rejection prepared as described 
in U.S. Patent 4,765,897, can also be employed. Membranes having a higher salt rejection and useful with a 
seawater feed at a pressure of 800 psi (5516 kPa) at 25 °C with a flux of at least 10 gfd (407 Lm : *day) 
may also be treated. 

The membrane may be in the form of a flat sheet, tubular or hollow fiber configuration. The membrane 
can be treated either prior to or after assembly into an element, in one especially preferred embodiment, 
the membrane is fabricated into a spiral membrane device and then treated by the method of this invention 
to produce a membrane element having enhanced rejection of sulfuric acid, sodium hydroxide and certain 
organic compounds such as isopropanol. 

it is found that the membranes to be treated by the method of this invention are desirably clean. In this 
context a "clean" membrane is a membrane which has not been subject to extensive service wherein the 
membrane flux or performance has been reduced by fouling. It has been found that membranes which are 
freshly prepared and have been subjected to only a brief test, (preferably less than 24 hours, more 
preferably less than 1 hour) to determine initial reverse osmosis performance or no test prior to treatment 
are best suited to the treatments of this invention. Membranes which have been in service for an extended 
time and then are cleaned by standard techniques after being fouled are not as susceptible to treatment by 
the method of this invention. 

Reactions of the selected reagents of the invention with the membrane may involve ring opening, as 
well as oxidations, acylation or alkylation reactions. The present invention is not limited by any specific 
theory as to how the subject reagents enhance rejection of certain materials by the subject membranes. 
These different chemical modifications will not necessarily affect rejection of all solutes in the same manner. 
Rejection of some solutes may be enhanced after treatment while rejection of other solutes may decrease. 
The amine-reactive reagents employed herein are believed to react with pendant amine groups remaining in 
the desalinizing layer to cap or crosslink such groups. A similar reaction was postulated for treatment for 
such membranes with nitrous acids in U.S. Patent 4,812.238. It is noteworthy that nitrous acid has been 
found to enhance sulfuric acid rejection of these membranes. The oxidizing reagents employed herein 
produce complex reactions which are not fully understood, but are believed to render amine groups less 
basic. 

The reagent employed in treating the composite crosslinked polyamide membrane is reactive with 
hydrogens on primary or secondary amines at the conditions employed for treatment or modifies the 
membrane via an oxidation reaction. This reaction may be a displacement reaction or an oxidation. Strong 
oxidizing reagents employed for an extended period of contact do not as conveniently provide the desired 
modification. 

The reagent is preferably an amine-reactive organic halogen compound that will alkylate primary amine 
groups at conditions of treatment herein, a carboxylic acid anhydride, a carboxyitc acid ester, a compatible 
oxidant, an amine-reactive ethylenically-unsaturated compound, nitrous acid, a precursor of nitrous acid or a 
1 ,3-heterocyclic sultone. These reagents may be difunctional or more highly functional compounds in which 
case some additional crosslinking may be introduced into the desalinizing layer by the treatment. More 
preferably, the reagents are monofunctional. The reagent may be inertly substituted, which means that the 
reagent may contain moieties in addition to the amine-reactive group, provided said moieties do not 
interfere with the desired reaction. Preferably, the amine-reactive reagent has a molecular weight of less 
than 300, more preferably less than 150. 
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The alkylating, organic halogen reagents employed may include those activated by an electron 
withdrawing group such as a carboxyUc acid group, in the , pos,t,on. The sodium salt of ch-.oroacefc acd 

''TSSSlTSSylic acid anhycride agents include acet,c anhydr.de. and propionic -^nde^ ^ 
acetic anhydride being especially preferred. Illustrative carboxyl.c acd ester reagents include methyl 
acetate and ethyl acetate, with methyl acetate being especially preferred. 

The oxidizing reagents useful in the invention include a peroxycarboxyhc acid, persulfunc acd or 
periodic acid, with peracetic acid being especially preferred. Strong oxidizing reagents^ such as chrom.c 
acid may deleteriously affect the membrane. The term "compare oxidant" as used herein .efers to 
o ling agents that do not deleteriously affect the properties of the compete membrane when ernp oyed 
for a short time period. Such oxidants preferably include peracet.c acd and periodic ac d. Sod urn 
hypochlorite, the use of which for treatment of a reverse osmosis membrane ,s suggested .n U.S. Patent 
4 2^ 344 has now been found to not generally be a compatible oxidant, particularly if the solute ,s sodium 

hyd Et X h^enically unsaturated compounds, such as acrylic acid or vinyl sulfonic acd. wh,ch react w,m 
primary or secondary amines, can also be employed. Some of these reagents, such as acrylic acia. are 
also zwitterion precursors at the appropriate pH. By the term "zwittenon precursor" ,s meant a compound 
which wilfreac? with a primary amine group to form a product containing both a positive and negative 
charge in the same molecule. f , . nh , 

Illustrative of 1,3-heterocyclic sultone reagents are compounds corresponding to the formula. 
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where R at each occurrence is independently HoraC, to C. alkyl. Preferably. R at each occunence is H. 
except one or two occurrences may be ethyl or methyl groups. R at each occurrence ,s most preferably K 

The reagent preferably contacts the discriminating layer of the composite Crosslin ed po.yam.de 
membrane while in a liquid diluent. Preferably, this diluent does not deleteriously affect either the 
7sc^ZZ layer or the support layer of the composite membrane. Advantageously, the amine reactive 
n^gent is dissolved in the diluent. The suitability of a diluent will depend upon the spec ,c composition o 
the desalinizing layer, the nature of the amine reactive agent and the composition of the support. An 
effective amount J the reagent is employed to impart the desired r ej ect,on properties to the membrane 
after treatment without deleterious affects on the membrane. An aqueous solution of 0.1 to 1 percent of the 
amine-reactive reagent or compatible oxidant is generally preferred. Diluents other than water may be 
preferred if water will react with the reagent. Co-solven.s can be empioyed with water but are generally no 
necessary nor desirable. Suitable co-solvents include the lower alkanols. such as .sopropanol or e.hanol. 
and amides, such as N,N-dimethylformamide. , hi ^.c For 

Amine-reactive reagents which react with or hydrolyze in water can be employed m other diluents For 
example, acetic anhydride can be employed in an isopropanol diluent. 

The time required for the des,red properties to be imparted to tne membrane w,l. vary dependent on 
so the nature of the desalinizing layer, the identity of the amme-react.ve reagent or cx,d.z,ng reagent 
temperature, concentration of the reagent, and other factors. Preferably, the reagent ,n water or other diiuen 
should flow continuously over the membrane surface during treatment to rep.en.sh the reagen ,n ontact 
with the surface. Typically, contact times in the range of 0.5 hour to 24 hours or more are desirable The 
longer contact times are typically required with reagents of higher molecular weight, wh.ch w,l, penetrate the 
55 desalinizing layer of the membrane slowly. , , lnlor ,, llc 

The temperature during treatment of the membrane is desirably maintained so as to avoid deleter.ous 
effects on the membrane. Too high a temperature may reduce flux through and or 

membrane while too iow a temperature may lead to undesirably long contact times for the treatment 
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Generally, temperatures in the range of 15° to 50° C, preferably 20 ' to 35° , are advantageous. 

The treatment is conveniently conducted at atmospheric pressure, but a positive transmembrane 
pressure differential can optionally be employed. 

The treatment of composite, crosslinked, polyamide reverse osmosis membranes described herein can 

5 enhance the rejection of specific compounds by such membranes. In particular, the rejection of sulfuric 
acid, sodium hydroxide, sodium nitrate and various organic compounds, such as isopropanol, can be 
affected by these treatments. Moreover, the rejection of common salts, such as sodium chloride, may also 
be enhanced by these treatments. Not all rejections of all compounds are necessarily affected to the same 
degree by various treatments. Sulfuric acid rejection can frequently be employed to indicate whether or not 

id the treatment has in fact affected rejection of the membrane. Preferably, the aqueous feed solution has a 
pH in the range from about 1 to about 14, more preferably about 2 to about 13. However, it is desirable to 
evaluate any membrane with the particular stream with which said membrane will be employed in order to 
determine the effectiveness of this treatment in enhancing rejection of specific solutes. 

The conditions employed for reverse osmosis for a specific feed can readily be determined by one 

75 skilled in the art. Transmembrane pressure must be great enough to overcome the osmotic pressure of the 
feed, but not so great as to cause excessive compaction, deleterious affects on the membrane element or 
excessive energy consumption in achieving the feed pressure. A transmembrane pressure of at least about 
200 psi (1380 kPa) is employed with simple monovalent salts at concentrations up to about 0.1 molar 
concentration. Advantageously, the transmembrane pressure should be at least twice the osmotic pressure 

20 of the feed. The temperature during reverse osmosis must not adversely affect the membrane or its 
characteristics. A temperature in the range from zero to 50° C is generally convenient. 

The following examples are presented to illustrate the invention, but are not otherwise intended to limit 
the subject invention. All parts and percentages are by weight unless otherwise indicated. Passage of a 
solute is in percent and is calculated by subtracting the rejection of said solute in percent from 100. Water 

25 flux is reported in gallons per square foot (of membrane) per day [gfd] and liters/square meter per day 
(Lym 2 *day). The concentration of the solute in the feed water is specified, as is the pressure of the feed 
during evaluation of the membrane performance. The temperature of the feed water during these reverse 
osmosis tests is ambient, generally about 18° to 25° C, and flux data was then normalized to 25 °C using 
standard tables available for the commercial membrane of the type treated. The membrane used in the 

30 examples is a membrane available from FilmTec Corporation under the designation FT30 membrane, 
unless otherwise indicated. 

The FT30 membrane is a composite crosslinked polyamide membrane having a polysulfone support 
and a desalinizing layer prepared by the interfacial polymerization of meta-phenylene diamine in an 
aqueous medium with trimesoyl chloride in an organic medium. The FT30 membrane is prepared in 

35 accordance with U.S. Patent 4,277,344. If the membrane is dried, it is desirable to employ a surface active 
agent prior to drying to make the membrane more readily wettabie. 

Example 1 

40 Samples of FT30 membrane are evaluated in reverse osmosis tests employing four different aqueous 
solutions containing either 0.2 percent sodium chloride, 0.2 percent sodium nitrate, 0.2 percent sodium 
hydroxide, or 1000 parts per million isopropyl alcohol (IPA). Each of these four solutes is evaluated with a 
feed pressure of 200 pounds per square inch [psi] (1380 kPa). In addition, a solution of 2 percent sulfuric 
acid at a feed pressure of 450 psi (3103 kPa) is evaluated. The results of this evaluation are tabulated as 

45 Comparative Experiment 1 in Table L The flux and rejection for each of the five feed streams is listed in the 
table. 

A sample of FT30 membrane like that used in Comparative Experiment 1 is then treated with a 0.1 
percent solution of acetic anhydride in isopropanol for a period of 24 hours at ambient temperature with no 
pressure applied across the membrane. The treated membrane is then retested with the five feed soiuiions 
so employed with Comparative Experiment 1. The results of these evaluations are tabulated in Table I. 
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It is apparent from Table I that the treatment with acetic anhydride decreased the flux of water through 
each membrane and also decreased the solute passage through said membrane. The decrease in solute 
passage for sodium chloride is minimal, but solute passage declines for the other solutes tested ranged 
from about 20 percent to over 70 percent. The flux declined by about 20 to 30 percent in each of the 
evaluations. 



A FT30 membrane is evaluated in sodium chloride rejection with a 0.2 percent aqueous solution at 200 
psi (1380 kPa). The water flux through this membrane (Comparative Experiment 2) is 32 gfd (1302 
L7m 2 *day) and solute passage was 3.6 percent. A FT30 membrane is then treated with a 0.1 percent 
solution of acetic anhydride in water with a transmembrane pressure of 200 psig (1380 kPa.g) for a period 
of 2 hours. The membrane after treatment exhibits a water flux of 22.3 gfd (907.4 Urn" • day) and a solute 
passage of 1.4 percent. This illustrates that treatment with acetic anhydride can be employed to raise the 
sodium chloride rejection of certain crossfinked polyamide composite membranes. 

Examples 3 and 4 



A FT30 membrane is tested for solute passage and flux with a 0.2 percent aqueous sodium chloride 
solution at 200 psi (1380 kPa), then a 1000 parts per million solution of isopropyl alcohol at 200 psi (1380 
kPa) and then a 0.2 percent sodium nitrate solution at 200 psi (1380 kPaj, followed by extended sodium 
chloride rejection testing for a period of over 450 hours. The results of these reverse osmosis tests are 
tabulated in Table II as Comparative Experiment 3. 

A FT30 membrane like that in Comparative Experiment 3 is treated with acetic anhydride in a 0.1 
percent solution in 90/10 water/isopropyl alcohol for a period of 24 hours at about 25° C. The resulting 
treated membrane is evaluated with feed streams in the same manner as the membrane in Comparative 
Experiment 3. The results of this evaluation are tabulated in Table II as Example 3. 

In Example 4, a fresh clean sample of FT30 membrane is treated with 1,3-propane sultone in a 0.1 
percent solution plus 0.1 percent Na2CCh in 90/10 water/isopropyl alcohol at a temperature of about 25 3 C 
for 72 hours. The resulting membrane was also evaluated in reverse osmosis test in a manner similar to the 
membrane in Comparative Experiment 3 and results tabulated in Table II. 



Example 2 
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Table II illustrates that treatment with acetic anhydride reduces the water flux of the treated membrane 
but more significantly reduces the solute passage of sodium chloride, isopropyl alcohol, and sodium nitrate 
through said membrane. In an extended test, the sodium chloride passage after 168 hours converges with 
55 that of the membrane in Comparative Experiment 3. In general, some decline in sodium chloride passage 
with time would be expected by one skilled in the art. 

The treatment with 1,3-propane sultone decreases the flux less than the acetic anhydride treatment 
while reducing the solute passage to a greater degree. The passage of sodium chloride through the 
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me mbrane renins low throughout extended testing and the ,.u* is compared to that o, Comparative 
Experiment 3. 

Examples 5-8 

5 m - n rnmnsr^tive ExDenmert 1 is evaluated in Comparative 

A FT30 membrane similar to that employed ^^^e ^it 200 psi (1380 .Pa), a sulfunc 
Experiment 4 empioying a 0.2 ^^J^^T^T^ tfpH 12 at 200 P Si (1380 
acid solution of pH 1 at 400 ps, (2758 KPa) and a soa.um y Comparative 
kPa). in three sequential reverse osmcs,s tes ts J .samp* 2Q hQurs at about 25 - c in 

,o Experiment 4 is treated with 0.2 percent acrt. cwhyd ^ ^ »^ chlon(je sulfuric acid . and 

in Table 111 . * ^ n 1 npmpnt 1 3-orooane sultone plus one percent NaHCCh 

In Comparative Experiment 5 another sampK ^ ' osmosis tests using aqueous sodium 

evaluations are tabulated In Table III » comparative Experiment 5 ,s treated 
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. r , m^mhrane is formed by imme-sing by hand a polysulfone m.croporous 
in Comparative Experiment 6 a memb ane i ^ s formea Dy sa , d y rt with trimesoy , chlonde ,n a 

support in aqueous ^e^ ^ *™ membrane 
1,,2-trichlorotnfluorethane solvent a ™£ r ££ „, |t |S intere 9 sting t0 not e that the .ab-prepared 

^^^.^^^^SsIT^ L b^ lower solute passage than the commercially 
membrane without W^^^J^t and 5 . The treatments in Example 7 and 8 attain lower 
available membrane in Comparat.ve Ex Pe nme ™ s « * th membra ne from wh.ch eacn ,s prepared, 

solute passages for sulfuric acid ^f^ m ^t^ ^ lower solute passages for both 



evaluated. 
75 Examples 9-11 
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25 



rrsj: - - - - - «-» * ph ,2 - 230 

PSi - ,„ Co m p»i«, Expend, 8. a sa.p,, o, m. ™ m «ne ,, k e ,»a, eva = ,n C^.™,. E = 
^^«^rr^'^. 7 ^^ — , a. » 

results of these evaluations are tabulated in Table ™- ac , d m an 

A PT30 membrane is t ? atec I with 1 q percen ^ meSSfe is'then equated with aqueous feed 
aqueous solution at about 25 C for 20 nours. ine i « Comparative Exper.ment 9. 

In Comparative Expenment 10, a sample or r trea(ed membrane lS 

percent hydro 9 en peroxide and ^^^l^ 2 ^* * tabulated in Table IV 

30 ^"^ in ^°^ S ^,^™l of an FT30 composite polyamide membrane ,s 
In Comparative Expenment 11. another sampie o |V A samp , e of F T30 

eva,uated ,n reverse osmosis tests "^^"'^ eroxlde and 0, percent sod,um 

membrane is treated with an ^""V^™^ ££Vc. The Lted membrane ., evaluated ,n 
hydroxide at a pH of 9 for a penod of ^"^XVcompvM* Experiment 12. 

Example 9. u , , ^ H in rnmnarative ExDenment 1 1 is treated with an aqueous 

w A sample of the membrane like tha > evaluated , nto^J* ^ ^ m reverse 

solution of 1 percent peracet.c acid for 24 hours at ac-our j» FxamD , e 10 

„ sm o s is » 8 ,s and -"t-»«-Vr 3 S ^r. ar ;.Z o ££££ "1— «* — « 

In Comparative Exper.ment 13 anotne. sampie o osm0 s,s test and the results of 

«si 0 na,on ™ ~ .» " *~ «~ - '« P-» 

45 these tests are shown in Table IV. A sample or memb rane is then evaluated m a 



50 



55 



13 



BNSDOCID <EP 0*3235&A1J_> 



EP 0 432 358 A1 



70 



75 



20 



25 



Cs3 
CO 



30 



35 



40 



45 



50 



Eh 



O 



a. a, 

x 

O o 
fl o o 

Z (N O 



a 



V3 



V) 



3 



0"» 



« s 

a. 



x 

3 T 



0J 



a 

E 
*3 



0) 



0) 



II 

o £ 



oo n 

CN 



co m 
cn .-< 



o 

ai oo 

CM i-H 



LTJ rH 

tN O 



fN 
O 

CN 



r- cn 



o cn 
m cn 



O 
to 

CN 



CN 



CN O 

n cn 



CI 



U 3 

(0 O 
JC 

o 

•r-l »— I 

Of 

(J * 

d in 

Wf 

a 



CN CN 



cn f*J 



QJ — 

U W 

u o 

a 



o 

CO 



a 



From the data in Table IV it is apparent that peracetic acid significantly increased the rejection of the 
55 membrane for all solutes evaluated with little impact on the flux of said membrane. The membrane samples 
treated with hydrogen peroxide at various pH f s showed much less decrease in solute passage but also little 
affect on the water flux was observed. 

The membrane treated with sodium hypochlorite showed enhanced water flux and sodium chloride 
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• ♦■ •« .« ,nht in u S Patent 4 277 344. The sulfuric acid rejection of tie membrane was increased 

^ h VPOch.onte treatment in com b ,nat,on w„h sod.um 

CroT^tl, resu.ts in a membrane with a very high flux and a very h.gh solute passage 

5 Examples 12-18 

A control sample of a FT30 membrane was evaluated with two separate feed streams to, reverse 
contr ™ S " P „ " a™™ contained 0 2 percent sod.um ctilo.ide ,n an aqueous solution at a 

osmosis peno.ma ™- ™> £ .^^a second eed stream ol 0 2 percent sod.um nitrat, at a teed pressure 

™^ ™«-» — ~> « '- SUIB " re ,a6l " a8<1 " Ta0K v 

C °"nTxa'm^?2Tstm"e a of ^30 membrane is treated with an adu.ous 0.2 percent solution ol V3- 
prop ne su™ a or a nod o, 2 0 hours a, abet 25" C. The ...» flux and solute passage *h the sodium 

in Table V demonstrate that signrlicantly reduced solute passages can be obtained by 

treaSS £^ saS o, m.thacrylic add and the sodium sen o, viny, sullomc 

aM rT\^TiTn a Z e T^^' clean membrane « tha, evaluated ,n Comparative 

reagents are at concentrations of °- 2 percent - n tne aq e e than 

r riSrSS^^r^'S i" »» - treatment e. 9 en,s ,s 

30 observed in Examples 15-18 than is observed in Examples 12-14. 
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Examples 19 and 20 

A commercially available FT30 membrane is coated with an aqueous solution of 42.5 percent 
55 phosphoric acid, the excess acid is then allowed to drain from the surface and the treated membrane dried 
at a 120° C until the surface appears visibly dry. This treatment is generally as described in Example 4 of 
U.S. Patent 4,765,897. The resulting membrane, as indicated in Table VI as Comparative Experiment 16, 
possesses a flux of 33 gfd (1343 L/'m 2 *day) and solute passage of 70 percent using a 0.2 percent aqueous 
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TO 



sodium chloride solution at 100 psi (690 kPa). „,™ ano 
A clean sample of FT30 membrane is then treated with a 0.1 percent aqueous solut.on of 1.3-propane 

sultone for a period of 20 hours. The resulting treated membrane was tested once again with 0 2 percent 

solium ch,oride at 100 psi and the results are tabulated as Example 19 in Tab,e VI. The solute passage 

was reduced by more than two-thirds and the flux actually increased. 

The membrane treated with 1,3-propane sultone was then treated with a colloid of tannic a=,d ,n a 

genera, manner described in Example 12 of U.S. Patent 4,765.897. The resulting membrane was tested 

using a 0.2 percent sodium chloride solution at 100 psi. The results are tabulated ,n Table V. as Example 

20. 

TABLE VI 



75 








0.2% NaCl 
100 psi 


Comparative 
Experiment 


Example 


Treatment 


Flux 
gfd 
(L/m 2 day) 


Solute 
Pas sage 
(%) 


20 






FT30 coated 42.5% 
H3PO4 

Heated at 120°C 


33 
(1343) 


70 


25 




19 


0.1 % 1,3-propane 
sultone 


39 
(1587) 


22 






20 


Example 19 treated 
with tannic acid 


14 

(570) 


6 



30 



35 



40 



Examples 21-23 

Two samples of a commercial FT30 membrane are tested to determine the water-flux and solute 
passage with four different feed streams in Comparat.ve Experiment 17. The feed streams include 0 
percent sodium chioride, 0.2 percent sodium nitrate, sulfuric aod at a pH of 1 and sodium hy«e. 
pH of 12 AH tests, except the sulfuric acid, are conducted at 200 psi (1380 kPa). The sulfuric acid test s 
conducted at 400 psi (2758 kPa). Samples of membrane like those evaluated in Comparative Expenment 17 
are treated with 0.1 percent aqueous peracetic acid in Example 21. with 0.1 percent penod.c ac.d .n 
Example 22 and with 1,000 parts per million chloramine in Example 23. All the treatment solutions are 
aqueous solutions and the treatments are for a penod of three days at a temperature .n the range of about 

25 ^he treated membranes are then evaluated in reverse osmos.s tests and the results are tabulated ,n 
Table Vli. 
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The peracetic acid treated membranes generally show the lowest soute passage w,th all of the solutes 
after recent. The periodic acid treatment shows generally h.gher fluxes then the membrane poor to 
featmen^nd reduced solute passage for sulfuric acid and sodium chloride. The solute Passage of sod.um 
s nS after the periodic acid treatment was lower than the FT30 control membrane but higher than the 
T^ceT^Ze* membrane. The P er,od,c acid treated membrane showed very h,gh u* and poor 
site passage in testing with sodium hydrox.de. The chloramine-treated membrane also showed h.gher 
,u es than the control, but the so.ute passages were generally comparable after chloram.ne trea ment to 
that of the membrane prior to the treatment with the excepts of the sulfuric acid solute passage wh.ch was 
10 reduced by more than 50 percent. 

Examples 24-26 

in Comparative Experiment 18 a FT30 membrane is evaluated in reverse osmosis tests with four 
,s solu on^^ Comparative Experiment 17. Two samples of ™.e = are,en 

treated with either peracetic acid, periodic acid, or chloramine in the general manner of Examples 21 . 22 or 
^^7^ that the treatment was 24 hours in duration. The results of tne reverse osmos.s 
tests of the control and treated membranes are tabulated in Table VIII. 
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The water flux of all the membranes is somewhat reduced by the treatments but the solute passage .s 
likewise reduced with the exception of the membranes treated with periodic ac.d and chloram.ne. wh,ch 
show increased solute passage for isopropyl alcohol. 

5 

Examples 27-30 

A composite crosslinked polyamide membrane intended for use in seawater desalination and available 
commercTy under the designate SW30HR from FilmTec Corporation ^ -^ated w h s , mula t d 
w seawater containing 3.5 percent mixture of sodium chloride and other salts at 800 ps, (5516 kPa) The 
SW30HR membrane is similar in composition to the FT30 membrane. The composition of the s.mulated 

seawater is: 
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Percent by Weight 


NaCl 


58.49 


MgCl2-6H20 


26.46 


NaS04 


9.75 


CaCl2 


2.765 


KC1 


1.645 


NaHC03 


0.477 


KBr 


0.238 


H3BO3 


0.071 


SrCl2.6H 2 0 


0.095 


NaF 


0.007 



The flux and solute passage of two samples of this membrane are tabulated in Table .X as Comparative 

EXPe s r am e ples 1 of the SW30HR control are then treated with 0.1 percent aqueous peracetic ac.d for 2^ i hours 
40 in Example 27. The flux and solute passage of the treated membrane w.th Simulated seawater ,s tabulated 

'^TheSWSOHR membrane in two samples is treated with 0.1 percent penod.c ac.d for 25 hours The 
reverse osmosis test results for these samples are tabulated in Table IX as Example 28. 
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TABLE IX 
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40 Two samples of the SW30HR membrane are treated with 1000 parts per million chloramine in water for 
20 hours. The reverse osmosis tests in Example 29 results indicated a higher water flux and moderately 
higher solute passage. 

In Example 30, the SW30HR membrane was also treated with 1000 parts per million chloramine but in 
a solution adjusted to a pH of 1. The water flux of this treated membrane was slightly lower than prior to 
45 treatment and the solute passage was marginally increased. 

Example 31 

A commercially available FT30 membrane is coated with 85 percent phosphoric acid and treated at 
so 120* C as generally described in U.S. Patent 4,765,897. It is then incorporated into spiral 'wound reverse 
osmosis elements. 

A clean sample of this membrane in spiral element form is treated with 0.3 percent peracetic acid for 
16 hours. The resulting membrane element along with an untreated control, is then treated with a tannic 
acid colloid as described in U.S. Patent 4,765,897. Both membranes were subjected to the following series 
55 of tests: (1) tested on 0.2 percent MgSOi at 70 psi (483 kPa), (2) stored in a biostatic storage solution for 
15 days, (3) retested on 0.2 percent MgSOt at 70 psi (483 kPa), and (4) tested on 0.2 percent H 2 SO* at 70 
psi (483 kPa). Results appear in Table X. 
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Claims 

5 

1. A composite crosslinked polyamide membrane for reverse osmosis, comprising: 

a crosslinked polyamide discriminating layer treated with a reagent that is amine-reactive or 
oxidizing such that said membrane after treatment, relative to the membrane prior to treatment, has 
a water flux of at least 50 percent and passage of hbSOc in a 2 percent aqueous solution at 400 
70 psig (2758 kPa gauge) and 25° C is reduced by at least 30 percent. 

2. The membrane of Claim 1 wherein the polyamide discriminating layer is derived from reactants 
comprising (a) a compound or polymer bearing at least two primary amine groups and fb) a compound 
or polymer bearing an average of more than two carboxylic acid halide groups. 

15 

3. The membrane of Claim 2 wherein fb) is a trimesoyi halide, cyclohexane-1,3,5-tricarbonyl halide. 
mixtures thereof or mixtures of either with isophthaloyl halide or terephthaloyi haiide. 

4. The membrane of Claim 2 wherein (a) comprises at least 50 mole percent m-phenyienediamine, fb) 
20 comprises at least 50 mole percent trimesoyi halide and the polyamide discriminating layer is formed 

by interfacial polymerization of (a) and fb) on a microporous substrate. 

5. The membrane as described in Claim 4 wherein (a) consists essentially of m-phenylenediamine, (b) 
consists essentially of trimesoyi chloride, the substrate is made from polysulfone and the membrane to 

25 be treated is clean. 

6. The membrane of Claim 1 wherein the oxidizing reagent is a peroxycarboxylic acid with a molecular 
weight of less than 300, periodic acid, N-bromoamine or N-chloramine. 

30 7. The membrane of Claim 1 wherein the amine reactive reagent is an organic halogen compound that 
reacts with a primary or secondary amine by means of an alkylation reaction, a carboxylic acid 
anhydride, a carboxylic acid ester, a 1 ,3-heterocyclic sultone having 3 carbon atoms in the ring or an 
amine-reactive ethyienically unsaturated compound. 

35 8. The membrane of Claim 7 wherein the membrane is contacted with 1.3-propane sultone, acetic 
anhydride, methacrylic acid, sodium methacrylate or sodium vinyl sulfonate. 

9. A method of treating a composite crosslinked polyamide reverse osmosis membrane, to improve a 
solute rejection, comprising: contacting a composite membrane having a crosslinked polyamide 
40 discriminating layer with a solution of a reagent that is amine-reactive or oxidizing, such that passage 
through the membrane of H 2 SOt in a 2 percent aqueous solution at 400 psig (2758 kPa gauge) and 
15° to 35° C is reduced by at least 30 percent relative to the membrane prior to treatment and water 
flux of said membrane is reduced by not more than 50 percent after treatment. 

45 10. The method of Claim 9 wherein the polyamide discriminating layer is derived from reactants comprising 
(a) a compound or polymer bearing at least two primary amine groups and fb) a compound or polymer 
bearing an average of more than two carboxylic acyl halide groups. 

11. The method of Claim 10 wherein reactant (a) is a phenylenediamine and (b) is trimesoyi haiide, 
so cyclohexane-1 ,3,5-tricarbonyI halide, mixtures thereof or mixtures of either with isophthaloyl halide or 

terephthaloyi halide. 

12. The method of Claim 10 wherein the polyamide discriminating layer is formed by interfacial polymeriza- 
tion of (a) and (b) on a microporous substrate, 

55 

13. The method as described in Claim 9 wherein said oxidizing reagent is a peroxycarboxylic acid of less 
than 300 molecular weight periodic acid, N-chloramine or N-bromoamine. 
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The methoc of Claim 9 where.n said amine-reactive reagent is an organic halogen compound wh.ch 
reacts with a primary or secondary amine via an alkylate react,on. a carboxyhc acd anhydride a 
carboxylic acid ester, a 1 ,3-heterocyclic sultone having 3 carbon atoms in the ring, or an am,ne-reaclive 
ethylenically-unsaturate compound. 

The process of using a reverse osmos.s membrane for separating water from an aqueous solution 
containing at least one selected solute which has a solute passage through a composite crosshnked 
polyamide membrane at least twice that of sodium chlor.de at like conditions, comprising: 

(A) contacting a first side of a treated compos.te crosslinked polyam,de membrane w.th an aqueous 
feed solution containing said selected solute at conditions wherein a chemical potential exists 
between the first side and a second side of the membrane sufficient that water hav.ng a reduced 
concentration of the selected solute relative to the aqueous feed solution diffuses through the 
membrane from the first side to the second side; and 

(B) collecting the purified water from the second side of the membrane, wherein the treated 
composite, crosslinked polyamide membrane having properties of substantial tolerance to acidic or 
basic conditions and organic materials, while maintaining high water flux, is prepared by contacting: 

(i) a crosslinked polyamide discriminating layer derived from reactants comprising (at a com- 
pound or polymer bearing at least two aromatic primary amine groups and (b) a compound or 
polymer bearing an average of more than two carboxylic acd halide groups, said reactants being 
interfacially polymerized on a microporous support, with 

(ii) a reactant that is amine-reactive or oxid.zing, such that the membrane, after treatment w.th 
said reagent, has relative to the untreated membrane, a water flux of at least 50 percent and 
passage of the selected solute is reduced by at least 30 percent. 
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